Ab initio calculations of organic and organometallic molecules at RHF, B3LYP and MP2 levels and 6-31G(d), 6-31+G(d), 6-311G(d) and 6-311+G(d) basis sets were executed. They were used to estimate the 35 Cl NQR frequencies of these molecules. A satisfactory agreement between experimental and estimated NQR frequencies was obtained for the populations of the less diffuse 3p-components of the Cl atom valence p-orbitals obtained from the RHF, B3LYP and MP2 calculations with the split valence basis sets 6-31G(d) and 6-31+G(d). An analogous conformity was not obtained using the 6-311G(d) and 6-311+G(d) basis sets.
Introduction
The electronic and spatial structure of organic and organometallic molecules and mechanism of their atomic interactions are fundamental problems of organic and organometallic chemistry. Very efficient methods for the solution of these problems are quantum-chemical calculations and nuclear quadrupole resonance (NQR) measurements. According to the theory of the latter, its main parameters, the NQR frequency ( ) and the asymmetry parameter ( ) of the electric field gradient (EFG) at the considered nucleus characterize the electron density distribution at the nucleus. The chlor-containing compounds have often been investigated by this method. The parameters and depend on the populations N x , N y and N z of the Cl-p-orbitals by simple equations, for instance for the 35 Cl NQR frequencies [1 -4] 
However, the and values estimated using these equations, and the total populations of the Cl atom valence p-orbitals, obtained from semi-empirical or ab 0932-0784 / 02 / 1200-0974 $ 06.00 c Verlag der Zeitschrift für Naturforschung, Tübingen www.znaturforsch.com initio calculations of corresponding molecules, considerably differ from the experimental values (see, e. g., [3] ). Apparently this is due to the strong dependence of the EFG at the nucleus on the distance l between it and the charges which create the EFG. This dependence, characterized by the equation [1 -4] eq zz = ;e
is not taken into account in the estimation of and (see, e. g., [2, 3] ).
Good agreement between experimental and calculated and values of a great number of organic and organometallic compounds was obtained (see, e. g., [3, 4] ) when using the populations of the concentrated 3p-components of the Cl-p-orbitals, but not the total ones obtained from RHF/6-31G(d) calculations of these molecules. It is quite natural that linear correlations between experimental and this way calculated 35 Cl NQR parameters are observed [3, 4] [6] and calculated ones using the populations of 3p-components of the Cl atom valence p-orbitals obtained from
organometallic chemistry. It allows to check a correctness of quantum-chemical calculations of the electron distribution in molecules by experimental NQR data, and to analyse the latter using quantum-chemical calculations at the RHF/6-31G(d) level [3, 4] . For the use of other quantum-chemical methods and other basis sets it is necessary to establish the conformity between the results of these calculations of organic and organometallic molecules and NQR data of the corresponding compounds.
Results and Discussion
For an establishment of such a conformity of 35 Cl NQR frequencies we have performed ab initio calculations on some organic and organometallic molecules by various quantum-chemical methods for various basis sets. For the molecule calculations the Gaussian 94W program [5] was used. For the calculations molecules where selected as to their size, the presence of 35 Cl NQR spectra and the NQR frequency range of them. The experimental 35 Cl NQR frequencies presented in [6] were used.
The ab initio calculations were executed using Becke's three parameter hybrid method, where the non-local correlation is provided by the Lee, Yang and Parr's gradient-corrected correlation functional (B3LYP) and the Hartree-Fock method followed by a Meller-Plesset correlation energy correction, truncated at second order (MP2). The split valence basis sets 6-31G(d), 6-31+G(d), 6-311G(d) and 6-311+G(d) were used. The molecule calculations were also executed by the restricted Hartree-Fock method using all above basis sets. B3LYP and MP2 are some of the most widely used ab initio methods which take into account the electron correlation. In the basis sets 6-31G(d) and 6-31+G(d) each valence orbital represents a combination of two orbitals of different size. In the polarized basis set 6-31G(d), the d-functions for heavy atoms are followed up. In basis set 6-31+G(d) for these atoms diffuse functions were used. In the 6-311G(d) and 6-311+G(d) basis sets each valence orbital was a combination of three orbitals of different sizes [7] . For the estimation of the 35 Cl NQR frequencies the total populations of the chlorine atom valence p-orbitals and their components were used.
The e 2 Qq at =2h values used in these calculations were obtained from Cl 2 molecule calculations at the corresponding level. Satisfactory conformity between experimental and calculated NQR frequencies for the molecules studied was obtained by the use of all above-mentioned quantum-chemical methods and the basis sets 6-31G(d) and 6-31+G(d). However, this conformity was only obtained by use of the populations of the 3p-components of the Cl-p-orbitals (Table 1). Conformity between the experimental and calculated NQR frequencies was not obtained for other components. Using the total populations of the Cl-porbitals or their components obtained from calculations by different methods and basis sets 6-311G(d) and 6-311+G(d) does not lead to such conformity neither. Apparently the populations of only the 3p-components of the Cl atom valence p-orbitals in the 6-31G(d) and 6-31+G(d) basis sets describe adequately the Cl atom electron density distribution in organic and organometallic molecules, registered by experimental 35 Cl NQR data. The total populations of the Cl atom valence p-orbitals obtained using these basis sets and total populations or their components in the 6-311G(d) and 6-311+G(d) basis sets do not describe this distribution. This is due to the size of these orbitals and their components, which do not correspond to the distance r in (2) at which the contribution of these orbital populations to the EFG is basic.
Quite naturally, the linear correlations between the experimental 35 Cl NQR frequencies for the chlorocontaining organic and organometallic compounds and those estimated using the 6-31G(d) and 6-31+G(d) basis sets are c = 0.987( 0.047) e -0.071( 1.573), r = 0.997, 
Judging from these equations, the best conformity to the experimental 35 Cl NQR frequencies is observed for those estimated using the populations of 3p-components of the Cl atom valence p-orbitals, obtained from the RHF/6-31G(d) calculations. In (3) the factor of correlation r is greatest, the factor at e is close to one, and the constant term is close to zero. The use of basis set 6-31+G(d) with diffuse functions does not result in an improvement of the correlation (4) between the experimental and calculated 35 Cl NQR frequencies in comparison with basis set 6-31G(d). Despite of the correlation energy correction of B3LYP and MP2 calculations, the 35 Cl NQR frequencies estimated using the results (5) - (8) show worse conformity with the experimental ones than that obtained using the RHF method.
The results obtained yield more opportunities for the application of quantum-chemical methods to use them in a comparison with the experimental 35 Cl NQR method for the decision of fundamental problems of organic and organometallic chemistry.
